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THE AIR FORCES ON A MODEL OF THE SPERRY
PLANE WITHOUT PROPELLER
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SUMMARY

W is a report on a scale-tied research whioh was made in the variable density wind
tunnel of the National Advisory Committee for Aeronautics at the request of thehny~ Serv-
ice. A 1/10 scale model of the Sperry MHenger airplane with USA-5 wings was tested without
a propeller at various ReynoIds Numbers up to the fuII scale vahe. ‘17w0seriee of tests were
made: The fit on the original model whioh w= of the usual simp~ed construction, and the ‘
second on a modiiied model embodying a great mnount of detail.

While the present report is of a preliminary nature, the work hse progressed far enough to
show that the scale efkt is almost entirely cofied to the drag. In the tests so far conducted,

W.

()
the drag at any given angle of attack within the normaI flying range is found to vary M ; ●

The exponent n is oonstant for any one angIe of attack, and ranges from – 0.045 at huge angles
of attack h –0.17 at smalI angles.

It was also found that the modeI shouId be geometrically similar to the full-scrde airplane
if the test data me to be directly applicable to full scale. H’ the condition of geometric simi-
larity be fuIfdled, the data obtained at a fulkscale value of Reynolds Number agree vexy cIosely
with free-flight data. The variable density wind tunnel thcmfore appe= to be a vw promis-
ing instrument for procuring test data free from scale eflect. It is also admirably suited for
studying the scale effect and obtaining information which is necessq in an interpretation of
the results obtained in atmospheric wind tunnels at 10T values of the Reynolds Number.

test

INTItODUCI’ION

()
UntiI recently the only method of increa4ng the Reynolds Number ~ in a wind-tunnel

(9
was to inorease~either~V or tnorboth together, but the m@.nmm practicable value of ;

thus obtainable is far below that corr~ponding to the average airphme in free @ht. The
variable density wind tunnel of the ArationalAdvisory Committee for Aeronautics, using models

()
of ’normal size and e.mploying moderate speeds, while varying the kinematio viscosity r =;

by changing the~dmsity, supplies a means for bridging the entire gap between a conventional
wind-tunnel test and full scale.

Owing to the interest attached to the results of the variabl~density tAs on account of
their noveI nature and their probable vahe to the designer, it has beert considered advisable to
make avaiIable immediately a preliminary report on the first complete series of tests. The
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tests with which thjs preliminary report is concerned are the part of m mtonsive free-flight
and wind-tunnel research conducted by the National Advisory Committee for Aeronautics for
tha Army& Service on the Sperry Messenger airplane.

In a new field of r~earch such av that opened by this report, it is to be expected that the
test data will show some inconsistenci~, partially due to the pe~onal elements, or to the new-
ness of the work, or possibly to some unknown and ruisuspectedphysical law. There are certain

.

inconsistencies to lje observed. in the data in this r~ort, but time has not been sufficient to
investigate them more fully and ascertain the cause or “&u&i It “is&ipectcd that the present
report will prove instructive both as to the nature of scale effect and as to the probable value of
the variable density wind tunnel in further testing.

11:
e:

Ill

-- .
Fm I.-Original SIWJITMesergcmmcdelsetup IIIvariabteden81tywind tunnel

METHOD OF TESTING

The original model of the Sperry Messenger as supplied by the Army Air Service was a
geometrically similar replica of the aiqdane so far as the main dimensions were concerned, but
many minor parts and details, including the propeller, were omitted in order to simplify tho
model construction. !I%e original model, therefore, fairly represented the average wind-tunnel
model in the amount of det~ used.

During the tests the model was attached to the balar&n the variable density wind tun-
nel by means of two vertical “ stjlts” of ordinary stream-line wire which were hinged at their
upper ends to the wings and rigidly conneoted at t%& “Io”werends ti the balance. Tho model
was also connected. to a vertical shielded balance bEWon the downstream side by means of a
short skid which was hinged at the fus~oe and rigidly attached to the bar. This arrangement
allows the angle of attack to be changed readily. “@igs. 1 and 2;) ‘“ —.
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During a test run the tank pressure Vraqheld constant, rmd readings of the air forces and
moments taken for various angles of attack. me drag and interference corrections for the
attachments rue determined by separate rum.

FIG.a.—Methoitisusumrtfng modd

ItESULTSOF THE TESTS

After comple@ a series of five runs on the original model it was decided to add to it as
much detaiI as practicable in order to get a more ~xact geometrical similarity. Accordingly31
changw were m-ade as follows (figs. 3 and 4):

1.
2,.
3.
4.
5.
6.

7.
s.
9.

10.
11.
1~.

13.

14.

15.
16.
17.

Xew air intake added to carbnreter.
Oil fler cap added.
Ffieltank drain cook added.
OiI valve and drain oock added.
Pan built up on under side of fuselage.
Brass pIates added to the sides and bottom of

fuseIage to approximate bomb rack supports.
Chain and sprockets added to side of fuselage.
Strips added along top Iongeron of fuselage.
ControI cabIes, horns, and wires added to horizontal

tail surface9.
Hole made in under side of fusdage near tail skid.
HoIes made in stabilizer for control wires.
SmalI tin removed from rudder and 60.
Aileron horns and inter aiIeron struts added with

wires running inta wing.
Cross wires and shock absorbers added to landing

&%%irea added in center section above fuseIage.
PIIot tube added on outer strut.
TraiLing edge of upper wing altered at center sec-

tion and hand hol~ added.

EL

19.

20.
21.
22.
23.

24.

25.

26.
27.
2s.
29.
30.
31.

.

Edges of wing changed from round ta straight at
center section.

Angle of attack bomb and cable with rack for
bomb added.

New engine construckd with line and valve gear.
Length of cockpit changed and hollowed out.
Height of wind shieId changed.
Bump added on top of the fuselage forward as in

the fuLI-sizeairpIane.
Groove added in ailerons at top and bottom for

hinge gap.
Wires added to fuselage eidea near nose to approxi-

mate hinges on cowling.
Nose of fuseIage hollowed out behind the propeller.
Ball bearing propeller hub added.
Ailerons fastened in position with screws at ends.
Ends of tie struts beveled off at fuselage.
Brace wires added between stabilizer and SR.
Turnbucklw on alI wfres approximated by twist-

ing the ends.
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Fm. 8.–View ti modifiedmodel

Fm. 4.–Thre&mIarterrem viewo!malel

— ....

.

Upon Completioriof these &mgss a series of three.runs MM ~afie on we modified mode!
The results of the two series of tests are given in Tables I to VIII and on F~uras 5, 6, and 7.

..-

The lift coefficient c. and the drag coefficient 6’Dare .coqw~d b dividing the mensured lift
or drag by the wing area and the dynamic pressure. The moment coefhient is computed by
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dividing the observed pitching moment about the apecifled center of gravity by the product~f
the wing area, the dynamic pressure and the wing chord. That is,

The angle of attack is measured from the line of thxust... The Reynolds Number has bmn comp-
uted in the usual way, taking the wing chord as the characteristic length of the model.

An inspection of the test data shows that the scaleeffect on lift isnegligible everywhere qcept
at and near tho mz~imum liftj the ma.ximurgeffect bejgg of the order of a 4 pm cent incrmse in
lift in passing from the Reynolds Number of an ordinary.wind t~nel test to the full scale YQIUO.

~cu —
FIG.7.-SpsrryMessenger,U. S. A. 6 whgs

Tdc P!xS DYDSIMO
stsre#&as. presmre Rsynolds

Pi

q- kgIm~ tiumber
~~ ~ ginsl ‘------ LOO 27Q0~lew ~~g

... . . . . . . 10.so
C&w: ~~~e~ . . . . . . . .

. ------- 2M o%% d%% i

Figure 8 has beeu prepared to bring out the effect OLscaleon drag by plotting logarithmically
the drag coefficient at a given angle of attack against Reynolds Number. In each case, for the “
original model, it is found that- the experimental poin~ lie on u straight line, showing that-tho

(?
drag varies as ~ . For the modified model only three points are available at each nngle of

attack, but-these points also lie on str~~ht linas, which appear to be justified by the more com-
plete data in the first series. The value of the exponent n varies with angle of attack ns follows:

I -a 17
00 -. ib

6“ -.11

L

-. m
-. 07

— -. . .-
Mm&J:d

n
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-.045
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The absolute deorease in drag in passing from the lowest to the highest Reynolds Number
appears to be substantially independent of angle of attack except at the highest angle —18°,
These differences are as follows: ,.,

Originalmodel M3dMed model

Ann#j;(
CD d CD at

a
ACD

R. N.-
A CD

&N&. E. N.-
U9, coo $tiN”& &4x4m

-6°

Tll ‘~ “:

&aul a 0533 a mm 0.CW6 aouu ame
& .0701 .0423 .Ozis

:% I :%6
. 01s5

+6” ..1073 .Imw .G275 .o17a
W’ .1495 .IlxH .lscs f . 1W6 . 01?3,

.z3f5
iw :q

.Mio .8434‘ .2m
t

.04s.2I
I

The grent increase at 18° is no doubt due to the change in type of flow which is beginning to
occur at this angle. At lower angks the scale effeet apparently agrees very closely in form with
t at pred ted by DieN (Referaco 1) from ~ study of t~t data at low Reynolds Numbers.

.030

.0

-35 t I If-,
I I

I I 11111111
I I

RqmGUs Number

FIG.&—VarfatfanIXdrag cdident wfth %.ymIIdah’umbar[WSRI?IIYMesengar
mcviel. VarhbIe DemsftyWind Tnnd

The clii?ierencesbetween the absolute &%S aDd tie qonents for tie original and modfied
models can not be entirely accounted for at this time. A study of the list of chan$ys d ~ow
that while some tend to increase tie dr~ and Ot&WS reduce it, &ere is a preponderance in
favor of an increase in drqq. It is possible, of course, that the drag of some of the added parts,
when measured on the model with the mut.u~ interferences present, may increase more rapidly
than the square of the Reynolds h’umber. The curves of the drag coficient against Reynolds
Number for such parts could slope upwarcl to tie l-igbt On tie Iogmithmic plot, and partially
explain not only the lower exponents for the modified model but also close agreement between
the drag of the two models at low Reynolds Number.

The research on theSperryMessenger aiqianehas not progressed far enough to make possible
a complete comparison between the model and full scale data. Based on the free f@ht ~ata
at hand the conclusion is reached that the mo~ed model gives results which are not only sub-
stantially correct and in better agreement with b flight than those given by the original model
but that the difhrences me in the same direction. That is, it would appear that the more
exact a modeI is made the more nearly will the test data obtained in the variable density wind
tunnel aggee with full scale.

These results have a direct bearing on the tests of airplane models made at low values of
Reyaol& Number in atmospheric wind tunneIs, in that they show the common practice of using

....—

,

—

.—

.-



388 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAWCK%
..-_

simp~ed models to be unjustified and the test data without meaning Unl- Cmecthns me.

applied not only for the omitted parts but also for the scale effect. At prasent the scale eflcct
correction is rather uncertain, but the variable density wind tunnel will be able eventually to
supply the necessary information. A prehminr& study indicates that a large part of the scale
effect may be due to the model struts and wires, in which case a partial scale effect correction
may be readily applied with data now avaiIable. Too much emphasis “can not be laid cn the
unsoundness of the assumption that twt data obtained on a simplified model can be used with-
out corrections ta predict full-scale performance.

CONCLW31ONS

Owing to the preliminary nature of this report, it is impractical to draw any but the mos~
general conclusions, as follows:

1. The scale offect on lift appears negligible exc~t at the maximum lift where a 4 per cent
increasewas obtained by a twenty-fold increase in Reygolds Number. This eilect probably vmiee
with the wing section and arrangement.

2, The scale effect on drag is reprawnted by an “qonential variation with Reynolds
~n

()

- .— . . .

Number. That is, c~cc ~
.-

where the exponent n is probably of the order of -0.10.
. .._

3. A modeI must reprewmt the fti size airplane as accurately as possible if the data ob-
tained from tests in the variable density wind tunnel are to be valid.

4. The test”data appeu to justify the principle of the variable density wind tunnel, which
now offera an extremely valuable means not only of supplying dtita free from scale effect but
also of studying scale effect and similar design problems,

5. The common assumption that data obtained on simp~ed airplane models at low Rey-
nolds Numbers can be used without corrections to_?redict full scale performance is unsound
and may lead to absurd results in certain CWE.. ‘--

More test data are required along the lines ccwwed by” this report before fial conclusions
can be drawn. It is recommended in particular that the effect of the major changes made on the
original Sperry Messenger model be inveatigated one at a time in order to find the cause or
causes for the very slight effect of the changes at low Vi. It is idso recommended that a similar
research be made on anothtscairplane of a diilerent tjpe, for example, a bomber or a very simple
monoplane.
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TABLE 1 —. TABLE 11

SPERRY MESSENGER MODEL (ORIOINAL) SPERRY MESSENGER MODEL (ORIGINAL).
S an, 24Inchee (61 cm); area 0.129m!.
C%d, 4.8 inohea(12.2em); ~. S. A. 6 a[rfoil.

8 n, 24inches(61em);“me 0.1S9ml
C%rd, 4.6inches(12.2cm);%. S. A. 6 $h’foil.

, --

:#wekoj

*ei

-9.0
-60
-8.0
-L 6

ao
L6
S.O
4.6
6.0
9.0

12,0
lz.o
MO
2LoT“

)ynaml Liftoc-
a%lcient,‘Lm~wa CL

27.8 -1186
2&o .02s
232 .212
27.8 .813
27.8 .03
!4s.2 .472
23.0 .672
2s.0 . ..6sa
ao “:775
fall .962
=.0 L 116

1.168
R 1.244
27.4 L 181

-
Em co-lft$+,
. .. . ....
0.1121
.0811
.06s7”
.0328
.0701
..0737
.0846
.09s2
.1075
.lms
.W.M
.2424
..2651
. 45n”

-

–. O&i
–. m
-.027
-. 6s2
-. 0s8
-. 0s1
-. 0%7
–. @37
-. fell

-. w
-. ~84
-.126
–. 230

-

+fLOIZ ‘ -LS41 !
184

\
2.17 ,

L7Q
6.2s
&so

i’. 17.
?. 21”
am
&so
482
am
22a

{

i Moments taken aboutthe center of gravity.
Awrage temperature, W’ C,; averagetank p?’cseure,1atrnmphem;

averageReynoldsNumber, lS9,Wlll

1–ao 7!A7
.

-6.0 80.0
-3.0 ~6
-L5 ~6

0.0 81.3
‘t La 8L O
3

so 81.0
4.6 8L E
2.0 8L 6
9.0 8L 6

120 81.6
7“ lho 8L 4..

ls. o 7%.8
2L O 79.s

i.
. . ::. . . ..-, .

Average Wmperature
““-ntmmpherea;averageR

4X49 am
I -L42 ]

+. 046 .0675 a71 I “
. no . M5
.S@5 .0s40
~m .0579
. 4s .m’m
.ss2 .07s5
. w .W9
.T7z .0066
.967 .K47s

L107 . 16b7
1. IQ7 .m
L!Z?5 .&w’
L 191 . 42m

Mu ~.;.ai~ .~k ~

nolde NWUher, 462,fkW.

4.m“
&64
692
7.62
i’. En
ail
au
7.51
&lx
&18
zL8a
17s

-
amre, “N

-, ..._-~. .—,:. *.
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TABLE VII

SPERRY MESSENGER MODEL (MODIFIED

S an, 24 tnohes(el am); arsa. o.la77 m L
tC ord,4.8inohae(12,20m);U.S. A. 5a!rfoil,

.+. o m

.[

-0.167
-6.0 ma +. 024
-a o 24t2 .nn
-L5 291 ..2JJ2

0.0 m.. wa
L6 m ,4s6
a.o ‘2a .676
L6 2MI .879
6.0 m .772
9.0 m“.964

120 m L 114
la. o XuJ L22S
I&o m L 244
no 2s6 L!u.a

.-. . ----

Aver~Wmptme,44° 0.; average.ta~
averaga eynodaNambar, l,tW,000.

Drag
aaefldant

CD

a 1201
.0sS7
.Oa!M
.OWa
.06Y1
. WU4
.WBS
.Wm
.iWo
.1261
.1661
..2214
.8144
.4216

- ...Y., ..

%.
.

-L67
+a25

a.7a
h 70
7:19
7.Q1
8.23
a.40
km
7.76
6.76
h65
am”
!4.W

.-r.-::

.- . .
TABLE VIII .

SPEILRY MESSENGER MODEL (MODIFIED

S ~, 24Inches (01em); er 0.1877m 1.
C%xd, 4.81nohrs (12.2Din)%. S, A. lldrbll,

Al&e&f

de4mA
-

-W”o
40

.-2.0
-L6

ao
L6
6.0
46
ho
9.0

.s20
16.0
ls. o

Dyrrarnh
Prasanrei
U-kg/m

m

.2
m
e94
S20
6a6
644
642
848
m
620
022

Lu4
aafagent

-(i m
+. 019

. 1E3

.m

.290

.467

.676

.676

.707

. S61
L12S
L27E
1.2W

&C~ent

aKfJb

.01?4s

.Wn

. a501

.0629

.0310

.06s9

.07w

.0916

. 12M

.M6

.2106

.2X12

CL
c;

-1.82
-ma

6.s0
&w
7.24
7. Q2
aa4
a42
&a6
7.71
&w
&w
4.81

.

. ... .. . . . .

12

/0

8

$
6

4

2

0
-4° 0° 4“ .9” /2” 16”

Cz

fiG. 9.—VarIattonof IJD wfth RagnoldaNumber

Taok pras-
Sure atmw I#yno&a

A ______________
shares

B
l.iQ 1s9,m

. .. . . . . . . . . . . . . .
c __________
D.._. ___... -.. .Hi

10.m
~gg

E 19,86
F::::::L::_-=::: .L!m

&qow
1~ m
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